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Background
Recently, 3GPP has introduced several features in which the network does not provide continuous coverage, either in time or in space, such as SNPN offering localized services and TN coverage areas inside NTN coverage areas. The UE searching a network coverage in such cases may find itself performing PLMN search in the area or during the time when it is known a priori that the coverage is not available. Recognizing that the PLMN search is one of the most battery-intensive procedures in the UE, there has been increased awareness in the 3GPP specifications of the need to aid the UE in searching for PLMNs that do not provide continuous coverage. As a result, in Rel-18, several assistance information have been specified aiming at aiding the UE in searching/scanning for PLMN that do not provide continuous coverage including:
· Location assistance information to aid the UE in the search for SNPN offering localized services (SA2); 
· TN coverage information to aid the UE in the search for TN coverage while being served by NTN (RAN2).
Discontinuous coverage (DC) for satellite access is yet another scenario in which a PLMN does not provide continuous coverage in a predictable way. With the same intent in mind, we analyze the scenario of the UE search for the HPLMN that uses DC and propose to specify the means to aid the UE in this search. We focus on the search for the HPLMN, because the UE is most likely to power up within the intended coverage area of the HPLMN. This doesn’t mean that other cases are not possible or worthy of attention, but the case of the HPLMN is the most urgent one to address.

Problem statement
In a HPLMN using satellite access with discontinuous coverage (DC), the duration of a satellite flyover over a given location on the ground has a typical value of several minutes (typically 2 to 5). A typical coverage gap between subsequent flyovers can extends to hours, e.g. between 9 and 14 hours. This means that when the HPLMN uses DC, the UE that doesn’t change its location finds itself within the HPLMN coverage less than 1% of the time. Even if this number is an order of magnitude higher (e.g. 10%), the UE finds itself within the network coverage for only a fraction of the time. 

Observation 1: In a HPLMN using satellite access with DC, the UE finds itself inside the HPLMN coverage for only a fraction of the time.

When the UE powers up, it performs search for the HPLMN or other available VPLMNs. Without any prior knowledge of whether the HPLMN uses DC or not, the UE will perform PLMN search for the HPLMN using legacy search mechanisms, which are optimized for the assumption that the HPLMN coverage is uninterrupted in time. If the UE doesn’t find the HPLMN at one point in time, it will conclude that the HPLMN coverage is not available at all. As a result, having in mind that the HPLMN is available for only a fraction of the time, the UE performing legacy PLMN scan might fail to detect the HPLMN that uses DC, or might take exceedingly long time to detect it.

Observation 2: The UE performing PLMN scan in the legacy way might fail to detect the HPLMN that uses DC.

To deal with this, the UE needs to adapt its PLMN search to account for the possibility of the HPLMN using DC. How to do this should be left to the UE implementation. However, it is clear that, to account for the possibility of the HPLMN using DC, the PLMN search must be performed over a longer period of time and with intervals that are shorter than the coverage duration. In other words, the search for the HPLMN using DC is more battery consuming than the search for a HPLMN that does not use DC. 

Observation 3: PLMN search for the HPLMN using DC is more power consuming than PLMN search for the HPLMN having continuous coverage. 

Based on the above, we observe the following:
· It is not possible for the UE to always perform PLMN search assuming that the HPLMN uses DC because such search would be too inefficient if the HPLMN does not use DC; and
· It is not possible for the UE to always perform PLMN search assuming that the HPLMN does not use DC because such search might not be able to detect the HPLMN that does use DC.
Based on the above, we make the following observation:

Observation 4: To aid in PLMN search for the HPLMN using DC, the UE needs assistance information indicating whether the HPLMN uses DC or not. 

The UE cannot use the information about DC provided in the SIB or via NAS signalling because this information is only available once the HPLMN is detected, or the UE has registered with the HPLMN. In the (initial) PLMN search/scan phase, the UE cannot count on the information provided by a PLMN over the air. Therefore, this assistance information needs to be pre-configured in the UE. 

Observation 5: Assistance information indicating whether the HPLMN uses DC or not needs to be pre-configured in the UE.


Solution
We propose to specify assistance information pre-configured in the UE indicating that the HPLMN uses DC. This assistance information would consist of a binary indication. It would be optional. If the binary indication is set, the UE could adjust its PLMN search/scan procedures to the scenario when the HPLMN uses DC and avoid the possibility of not detecting the HPLMN. How the UE does that is left to the UE implementation.

Proposal 1: It shall be possible for the HPLMN to pre-configure the UE with the assistance information indicating that the HPLMN uses discontinuous coverage.

Proposal 2: It shall be possible for the HPLMN to pre-configure the UE with the assistance information in USIM and via MO. The configuration in USIM would take priority over the configuration via MO. 


Summary
Observation 1: In a HPLMN using satellite access with DC, the UE finds itself inside the HPLMN coverage for a fraction of the time.

Observation 2: The UE performing PLMN scan in the legacy way might fail to detect the HPLMN that uses DC.

Observation 3: PLMN search for the HPLMN using DC is more power consuming than PLMN search for the HPLMN having continuous coverage. 

Observation 4: To aid in PLMN search for the HPLMN using DC, the UE needs assistance information indicating whether the HPLMN uses DC or not. 

Observation 5: Assistance information indicating whether the HPLMN uses DC or not needs to be pre-configured in the UE.

Proposal 1: It shall be possible for the HPLMN to pre-configure the UE with the assistance information indicating that the HPLMN uses discontinuous coverage.

Proposal 2: It shall be possible for the HPLMN to pre-configure the UE with the assistance information in USIM and via MO. The configuration in USIM would take priority over the configuration via MO. 

The proposal is implemented in the CR#1133 to TS 23.122 in C1-235239.
